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Abstract: An effective assessment of ecological health in aquatic ecosystems has become an important issue for 
researchers, policy-maker and environmentalist globally. The potential of thermodynamic oriented ecological indica-
tors such as eco-exergy (Ex), structural eco-exergy (Exst), phytoplankton biomass (BA), and zooplankton biomass 
(ZA) in ecological assessment and management were used to calculate the ecological health and then correlated 
individually as well as multiply of Baiyangdian Lake located in the China. To establish a relationship between sub-
EHI values of indicators to the overall EHI, data on thermodynamic indicators of the Baiyangdian lake were calcu-
lated from literature. The result indicates the ecological health of Baiyangdian lake is coming under the middle cate-
gories i.e. EHI= 40-60. A deeper analysis of the relationship between the thermodynamic parameters and EHI using 
mini tab software and the multiple regression revealed that the R2>0.9 for Baiyangdian Lake indicates that these 
correlations could be tentatively used to predict the ecological health of the Baiyangdian Lake in the future.  
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INTRODUCTION  
The concept of ecosystem health that set new goals for 
ecological assessment and management emerged in the 
1980s, numbers of attempt have been made to assess 
lake ecosystem health (Xu and Tao, 2000; Zhang et al., 
2010). Several ecological indicators have been pro-
posed for the lake ecosystem health assessment, such 
as indicators of single sensitive species (Munawar et 
al., 1994; Lyons et al., 2000), gross ecosystem product 
(Hannon, 1985), ecosystem stress indicators (Rapport 
et al., 1985), eco-exergy (Ex) and structural eco-
exergy (Exst) (Jorgensen, 1995a, b), out of these ther-
modynamic indicators (Ex and Exst) were the most 
useful ones for the lake ecosystem health assessment in 
recent decades (Xu et al., 2005). A set of ecological 
indicators, including structural, functional, and system-
level aspects were proposed for a lake ecosystem 
health assessment, according to the structural, func-
tional, and system-level responses of lake ecosystems 
to chemical stresses, including acidification, eutrophi-
cation, and copper, oil and pesticide contamination 
(Xu et al., 2001). An ecosystem can be defined as an 
irreducible and self-organizing system. The system 
cannot be analyzed by simple experiment since; it in-
volves too many components which play an important 
role in maintaining the ecological balance. It can be 
explained by heterogeneity of spatial and temporal 
distribution of its components (Wiegand et al., 2010). 
Ecosystem health is described as a systemic diagnostic 
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method to evaluate the ecosystem characteristics asso-
ciated with human health under the framework of ecol-
ogy. A healthy ecosystem has been referred as stable 
and sustainable ecosystem, maintaining its organiza-
tion and autonomy over time and its resilience to vari-
ous stresses. As a complex ecosystem, Baiyangdian 
lake ecological health, in China, can be well assessed 
by using thermodynamic indicators like BA, BZ, Ex, 
and Exst. Exergy is explained as the amount of work a 
system can perform at thermodynamic equilibrium 
within its environment, while Exst or specific exergy is 
the exergy calculated relative to the total biomass. 
These indicators seem to be the most useful ones in 
assessing lake ecological health in recent decades. 
Phytoplanktons are the main primary producers in 
lakes and Lake Eutrophication which induce excessive 
increases in producer productivity and biomass (Xu et 
al., 2013). The phytoplankton and zooplanktons di-
rectly influences the water quality and functions as an 
important biological index in many Asian countries to 
estimate the ecological status of lakes. Being in the 
pristine part, the Baiyangdian Lake is under assault by 
various industrial waste, domestic waste, etc. The lake 
has become a site of waste disposal containing toxic 
waste has degraded the water quality of this lake (Xu 
et al., 2012). Therefore, in order to assess the ecologi-
cal of this lake, the present paper reports the results of 
developing the correlations for the Baiyangdian Lake, 
located in Hebei Province, China, based on biotic and 
thermodynamic indicators and reservoir characteris-
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tics. Beside this, linear and multiple correlation was 
also developed to predict lake health in the future as 
well. 
MATERIALS AND METHODS  
Study site: The Baiyangdian Lake, which is the largest 
natural lake in Hebei Province, China, called as 
“kidney” of northern China, located at coordinate of 
115º45′–116º07′E and 38º43′–39º02′N. In spring, clear 
fresh water with fresh green reed; at a distance mists 
and ripples stretch. In summer, the lotus and water 
caltrop are found. In autumn, fishing is done, fishes 
and crabs as an economic source to the people sur-
rounding this lake. In winter, the lake freezes and the 
snow falls can be seen. At present, Baiyangdian Lake 
was seriously eutrophied with different impaired con-
ditions in water under a variety of disturbances, result-
ing in severe negative effects on the ecological health, 
sustainable development and management (Xu et al., 
2011). The salient features are given in Table 1 and the 
sampling locations have been given in Fig.1. 
Calculation of ecological health index (EHI): The 
EHI methodology was applied to assess the health 
status of Baiyangdian Lake in China (Xu et al., 2005). 
By using the sub-EHI calculations for each indicator, 
the corresponding values for all indicators relative to 
the numerical EHI can be obtained. The EHI has been 
calculated by following equations: 
 
 
 
 
 
Where; Sub-EHI includes (BA or BZ or Ex or Exst), 
Cx is the measured indicator value; Cmax is the meas-
ured maximum value when Sub-EHI is 0; Cmin is the 
measured value when the measured sub EHI is 100; ‘a’ 
and ‘b’ are constants evaluated by Cmin and Cmax, wi is 
the weightage factor for ith indicator; ri1 is the correla-
tion ratio between the ith indicators and basic indicator; 
m is the total no. of indicator considered. The EHI 
range to define the health status of lake is 0-100; zero 
indicates the worst possible health state and 100 indi-
cates the best possible health state as show in Table 2: 
Data collection and analysis: Since the river health 
data availability is very much scarce, the phytoplank-
ton, zooplankton, Ex and Exst data of Baiyangdian 
Lake were extracted from the literature (Xu et al., 
2012) and converted in to a sub EHI index (EHI-BA, 
EHI-BZ, Ex and Exst) to calculate the overall ecologi-
cal health of the Baiyangdian Lake as shown in Table 
3. The data of phytoplankton, zooplankton, Ex and 
structural exo-exergy of the year 2012 was collected 
from 14 lake sites from the literature (Xu et al., 2012). 
The ecological health data from the Baiyangdian Lake 
was analyzed with respect to EHI-BA, EHI-BZ, Ex, 
and Exst in order to develop relationships using Mini 
Tab software. Linear relation of ecological health with 
biological parameters has been shown in Table 4 and 
Fig. 3. 
From the above Fig. 2, it can be observed that the 
value of R2 in three cases (EHI-BZ, Ex and Exst) is 
insignificant and so these cannot be used to assess the 
impact of individual parameters of ecological health, 
but rest two (EHI-BA) might be used to impacting the 
ecological health. An empirical equation involving all 
the parameters of Ecological health is found as: 
EHI = - 7.55 + 0.802 EHI-BA + 0.114 EHI-BZ + 
0.201 Ex + 0.285 Exst ……….. R2 = 0.989. 
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Fig. 1. Schematic diagram of Baiyangdian Lake (Xu et al., 
2011). 
Table 1. Salient features of the Baiyangdian Lake. 
Range Health status 
0-20   Worst 
20-40 Bad 
40-60      Middle 
60-80   Good 
  80-100  Best 
Table 2. Health status range characterization. 
S.N. Feature Data 
1.   Location Hebei Province, China 
2.   Elevation 8.2 m 
3.   Altitude 13406.94 m 
4.   Water depth Between 5.2 and 9.26 m 
5.   Water level Below 6.5 and 5.5 m 
6.   Catchments area 31200 Km2 
7.   Mean surface area 366 Km2 
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RESULTS AND DISCUSSION 
Overall ecological health index (EHI) was calculated 
using EA, EZ, Ex and Exst, and results found that the 
ecological health at site 6 and 7 was worst (EHI=0-20), 
while at site 5 and 12 was found good (EHI=60-80) 
and rest of the site show middle health (EHI=40-60), 
whereas overall health of Baiyangdian Lake was found 
middle, shows very little anthropogenic disturbances in 
the lake. These regulating measures for health im-
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S. N. Biological parameters Equations R2 
 1 EHI vs. EHI-BA y = 0.4656x + 28.249 0.60* 
 2 EHI vs. EHI-BZ y = 0.2794x + 31.213 0.28 
 3 EHI vs. Ex y = -0.1619x + 55.141 0.07 
 4 EHI vs. Exst y = -0.0801x + 52.344 0.02 
Sampling 
Sites 
EHI 
(BA) 
EHI 
(BZ) EHI (BZ/BA) EHI (Ex) EHI (Exst) 
EHI 
Health status 
 1  33.37 96.94 96.28 99.99 19.44 55.01 Middle 
 2 58.80 83.63 56.85 06.00 08.40 55.09 Middle 
 3 64.91 81.17 48.22 04.93 07.77 56.49 Middle 
 4 00.00 72.84 99.99 61.14 99.99 41.00 Middle 
 5 76.67 83.74 40.08 00.00 03.96 61.39 Good 
 6 23.98 18.78 14.79 27.27 02.04 19.42 Worst 
 7 16.65 01.12   0 24.03 0.09 09.98 Worst 
 8 57.95 90.31 65.37 19.67 13.99 58.21 Middle 
 9 45.84 91.40 78.07 40.25 17.64 55.12 Middle 
 10 61.52 89.02 60.49 06.00 11.52 58.28 Middle 
 11 79.55 90.95 45.70 03.79 05.24 65.31 Middle 
 12 99.91 09.99 36.90 00.00 03.32 76.10 Good 
 13 49.28 88.09 70.99 36.62 15.82 54.99 Middle 
 14 04.71 75.17 98.19 60.08 89.70 42.44 Middle 
Average EHI of lake 50.63 Middle 
Table 3. Determination of ecological health index of Baiyangdian Lake, 2012. 
Table 4. Linear relation of ecological health with biological parameters. 
*- indicates good regression coefficient (R²) 
Fig. 2. Linear corelation between EHI Vs. (a) EHI (BA) (b) EHI(BZ) (c) Ex & (d)Exst. 
(d) 
(a) 
(b) 
(c) 
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provement are mainly determined by focusing on the 
nutrient-loading sources of water areas and the sub-
merged plant management of water area. Generally, a 
healthy ecosystem would be characterized by small 
cell size phytoplankton, large body size zooplankton, 
high zooplankton/phytoplankton ratio, high species 
diversity, high algal C assimilation, high resource use 
efficiency, low community production, high exergy, 
high structural exergy and high buffer capacities (Xu et 
al., 1999). The impact of the thermodynamic parame-
ters on ecological health from lakes/reservoirs was 
predicted by (Zhang et al., 2013) showing that the cor-
relation cannot be universally applied to different lake 
other than the lake under study. These results show 
that the empirical equation can be used to predict the 
ecological health of the study site. These results show 
that health of the lake is mainly affected by phyto-
plankton and zooplankton. The coefficient of R2 for 
ecological health with respect to various biological 
parameters, as given in Table 4, shows that the rela-
tively good correlation of ecological health with phyto-
plankton (R2=0.60), zooplankton (0.28), Ex (0.07) and 
structural exo-exergy (0.02) of the Baiyangdian Lake 
has seen. Further, the multiple regression equations are 
developed between ecological health and all the 4 pa-
rameters, as given in Table 5 which yields coefficients 
of R2 as 0.989 of the Baiyangdian Lake. It means that 
empirical equation based on a large number of parame-
ters can be best used to explain the role of aquatic en-
vironment for the ecological health and suitable pre-
diction can be made for the lake in question.  
A comparison of predicted and observed ecological 
health index (Fig. 3) for Baiyangdian Lake has indi-
cated only ± 7 % error which shows that these equa-
tions can be suitably used for the prediction of ecologi-
cal health in the Baiyangdian Lake in the future. Xu et 
al. (2011; 2012) used eco-exergy, structural eco-
exergy, the ratio of zooplankton biomass to phyto-
plankton biomass, and phytoplankton biomass to know 
the states of health of water areas in Baiyangdian Lake. 
The results reveal that the water areas at sites 5 and 12 
have are in relatively good health, while the health of 
other areas has deteriorated to varying degrees. More-
over the overall ecological health of lake is comes un-
der the categories of moderate. The moderate health of 
the present study stretch of the Baiyangdian Lake can 
also be authenticated by the results of published work 
(Xu et al., 2011; 2012). To bring about the improve-
ment in the lake health, the corrective conservation 
measures may be appropriately taken by concerned 
authorities so that lake pollution is reduced in the fu-
ture.  
Conclusion 
Based on the EA, EZ, Ex and Exst, the overall EHI 
were assessed at 14 sites in Baiyangdian Lake located 
in China. The results indicated that the BA, BZ, Ex, 
and Exst are important parameters in assessment of 
ecological health of Baiyangdian Lake. The result also 
revealed that the overall lake health comes under the 
categories of middle class which could be due to little 
anthropogenic hindrances. A deeper analysis of the 
relationship between the thermodynamic parameters 
and EHI using mini tab software and the multiple re-
gression revealed that the R2>0.9 for Baiyangdian lake 
indicated that these correlations could be tentatively 
used to predict the ecological health of Baiyangdian 
Lake in the future.  
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